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ABSTRACT

Objective: We have shown that health-related quality of life (QOL) in children with inherited neu-
ropathies (Charcot-Marie-Tooth disease [CMT]) is significantly reduced compared to population
norms, thus establishing its utility as an outcome measure in therapeutic trials. However, the
Australian ascorbic acid trial in children with CMT type 1A (CMT1A) identified no change in QOL
scores despite a trend toward improvement in nerve conduction velocities in the treated group.
The objective of this study was to identify clinical, electrophysiologic, and functional correlates of
QOL in children with CMT1A, to guide future investigations of strategies to improve QOL and
reduce disability in these patients.

Methods: In this cross-sectional study, a series of multivariate regression models were developed
to determine whether QOL scores could be explained by demographic and symptom data, stan-
dardized measures of gross motor function, foot/ankle and hand/finger involvement, electrophys-
iology, and gait characteristics in 70 children aged 5–16 years with CMT1A.

Results: Independent determinants of reduced QOL in children with CMT1A, from strongest to
weakest, were leg cramps, hand tremor, short step length, reduced long jump distance, ankle
inflexibility, poor agility and endurance, advancing age, and foot drop. Many of the standardized
clinical and electrophysiologic measures used as endpoints in clinical trials of CMT correlated
poorly with QOL.

Conclusion: QOL is negatively affected by CMT1A in children. Multivariate modeling suggests
that interventions designed to improve leg cramps, tremor, agility, endurance, and ankle flexibility
might have a substantial effect on QOL in children with CMT1A. Neurology® 2010;75:726 –731

GLOSSARY
BMI � body mass index; CHQ � Child Health Questionnaire; CMAP � compound muscle action potential; CMT � Charcot-
Marie-Tooth disease; CMT1A � Charcot-Marie-Tooth disease type 1A; QOL � quality of life.

Charcot-Marie-Tooth disease (CMT) is the most common inherited neurologic disorder, af-
fecting 1 in 2,500 people.1,2 The dominantly inherited CMT type 1A (CMT1A) causes pro-
gressive length-dependent weakness and atrophy of the distal muscles of the limbs. While the
clinical features of CMT are widely recognized, data on the impact of the disease on health-
related quality of life (QOL) are scarce. Using the generic Child Health Questionnaire (CHQ),
we have previously shown that QOL is negatively affected by many types of CMT in childhood
and adolescence.3 The recent Australian ascorbic acid trial in children with CMT1A also
identified a significant reduction in QOL compared to healthy norms.4 However, although a
trend toward improvement in nerve conduction velocity was seen in children receiving treat-
ment rather than placebo, the trial showed no corresponding change in QOL scores using the
CHQ.5 While this may reflect treatment failure, we cannot rule out a lack of responsiveness,
i.e., sensitivity to change over time, of the generic QOL instrument. It is also possible that the
reduction in QOL in children with CMT may represent physical, mental, or social conse-
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quences of the disease unrelated to electro-
physiology. There is a need to understand
what really affects QOL in children with
CMT, and thus identify strategies to improve
impairment and disability in these patients,
especially given the many new treatment
possibilities for this population.6-8 The aim
of this study was to identify factors associ-
ated with QOL in children with CMT1A;
our hypothesis was that functional measures
would correlate better with QOL scores
than electrophysiologic measures.

METHODS Participants. In this cross-sectional study, data
obtained from the Australian ascorbic acid trial were utilized.5

Children aged 5–16 years with proven CMT1A, i.e., a 17p11.2
duplication including the PMP22 gene, or a confirmed duplica-
tion test in a first- or second-degree relative with a consistent
clinical phenotype and confirmatory electrophysiologic testing
in the child, were recruited nationally through The Children’s
Hospital at Westmead (Sydney, New South Wales, Australia)
and Royal Children’s Hospital (Melbourne, Victoria). Children
were excluded if they had acute lower limb injuries, had under-
gone previous foot/ankle surgery, or were diagnosed with arthri-
tis, diabetes, congenital defects, or neuromuscular disorders
other than CMT1A.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the institutional ethics
review boards at each hospital (The Children’s Hospital at West-
mead [Ethics Approval Ref. No. 2006/056], The University of
Sydney [Ethics Approval Ref. No. 9733], and Royal Children’s
Hospital Melbourne [Ethics Approval Ref. No. 26144A]). In-
formed written consent was also obtained from a parent or
guardian of each participant.

QOL in pediatric CMT1A. The Child Health Question-
naire (CHQ), a well-developed broadly based generic measure of
health status in children, was used to explore the parent-reported
health-related QOL of all children with CMT1A. The CHQ
was developed to understand the everyday functioning and well-
being of children and their families.9 It measures health status in
12 domains, including physical functioning, impact of emotion/
behavior on social roles, impact of physical ability on social roles,
bodily pain, general behavior, mental health, self-esteem, general
health, emotional impact on parent, time impact on parent, fam-
ily limitation in activities, and family cohesion. These are then
grouped and can be reported as composite psychosocial and
physical scores. The CHQ has undergone rigorous development
and evaluation since 1990 and is regarded as a reliable, well-
validated, and comprehensive assessment tool for use across a
diverse group of children with and without chronic medical
conditions.10-12 The CHQ is considered a gold standard of pedi-
atric QOL research. The Australian authorized adaptation of the
50-item parent form (CHQ PF50), which provides population-
based normative data for 5,414 Australian children, was used to
measure QOL in children with CMT1A (CHQ License Num-
ber 4029).11,13

Determinants of QOL in CMT1A. Demographic and sub-
jective data collected included age, gender, height, weight, body
mass index (BMI), presence of leg cramps, and hand tremor.

Standardized measures of gross motor function (balance, agility,
power-long jump, endurance), foot and ankle involvement
(strength of inversion, eversion, dorsiflexion, and plantarflexion;
foot structure, ankle flexibility, foot drop), hand and finger dex-
terity and strength (9-hole peg test, grip and pinch strength),
electrophysiology (motor conduction velocity, compound mus-
cle action potential amplitude, distal motor latency of the me-
dian nerve), and gait characteristics (speed, cadence, step time,
step length, stride length, base of support) were obtained using
reliable and valid instruments, described previously.5,14-16

Statistical analysis. Study sample size calculations have been
previously described.5 Descriptive statistics were calculated to
characterize the study sample in SPSS version 17.0 (Chicago,
IL). Data were subsequently analyzed from one limb only (dom-
inant limb) to satisfy the independence requirements for statisti-
cal analysis.17 Normality of data distribution was assessed using
the Kolmogorov-Smirnov test with Lilliefors significance correc-
tion, and the appropriate parametric or nonparametric tests sub-
sequently employed. Published norms were used to describe the
impact of CMT1A on QOL.11 A series of multivariate regression
models were developed to determine whether changes in QOL
could be explained by 7 categories of standardized measures in-
cluding demographic and subjective symptom information,
gross motor function, foot/ankle and hand/finger involvement,
electrophysiology, and gait characteristics in children with
CMT1A. First, measures related to growth and development
were scaled to account for differences in age and physical body
size in accordance with established nondimensional normaliza-
tion principles.18 Second, Pearson correlation coefficients were
computed to examine associations between the 7 categories of
standardized measures with QOL domains. Third, all measures
identified as significantly associated with QOL domains were
entered simultaneously into a stepwise multiple regression model
that was reduced to a most parsimonious model to yield a set of
variables that best predict (and can be regarded as independent
determinants of) each outcome.19 Only the most strongly associ-
ated variables and physiologically plausible factors were entered
into the model. To avoid multicollinearity, only one variable
from highly correlated (r �0.7) variables (such as agility and
long jump; dorsiflexion strength and plantarflexion, inversion,
eversion strength; finger pinch strength and grip strength; step
length and other temporospatial variables) was included. �

Weights for all variables entered into the regression model were
examined to ensure they made meaningful contributions to each
QOL domain. The standardized � weights provided an indica-
tion of the relative importance of the various CMT1A character-
istics entered in the model, to explain the variance in individual
and composite CHQ QOL domains.

RESULTS Participants. Details of individuals re-
cruited at each stage of the ascorbic acid trial have
been reported elsewhere.5 Our series included 70
children (40 boys, 30 girls) aged 5–16 years (mean
age 9.1, SD 3.0 years; mean height 1.37 m, SD 0.18,
range 1.08–1.83 m; mean weight 33.8 kg, SD 14.9,
range 18.1–84.1kg) from 46 families diagnosed with
CMT1A (44 with confirmed 17p11.2 duplication of
PMP22 gene; 24 with confirmed 17p11.2 duplica-
tion in first-degree relative and consistent pheno-
type/electrophysiology; 2 with confirmed 17p11.2
duplication in second-degree relative and consistent
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phenotype/electrophysiology). Comorbidities were
reported in 13 children (4 with asthma, 3 with
attention-deficit hyperactivity disorder, 3 with As-
perger syndrome, 1 with epilepsy, 1 with eczema, 1
with arrhythmia, 1 with bladder dysfunction, 1 with
oppositional defiant disorder, 1 with migraine, and 1
with nystagmus of the palate).

QOL in pediatric CMT1A. Children with CMT1A
demonstrated lower mean CHQ scores than age-
matched population norms11 in all 12 domains of the
CHQ except one (family cohesion). Mean physical
and psychological composite scores in children with
CMT1A were also significantly reduced compared to
US population norms9; this reduction was greater for
the physical composite score (mean reduction of
15.5%) than for the psychological composite score
(mean reduction of 7.6%). In contrast, in the 13
children with comorbidities, the reduction in the
psychological composites score was greater (29%)
than the reduction in the physical composite score
(12%). Mean CHQ scores were similar for both gen-
ders in children with CMT1A (p � 0.05). A sum-
mary of the QOL scores is provided in table 1.

Determinants of QOL in pediatric CMT1A. A Pearson
correlation coefficient matrix was generated to exam-
ine clinical markers of pediatric CMT1A and their
relationship with individual CHQ QOL domains.

The 7 categories of clinical measures were reduced
for modeling, consisting of demographic informa-
tion (gender, age, BMI), subjective symptoms (leg
cramps, hand tremor), gross motor function (bal-
ance, agility, long jump, endurance), foot/ankle in-
volvement (dorsiflexion strength, foot structure,
ankle flexibility, foot drop), hand/finger involvement
(finger pinch strength, hand dexterity), electrophysi-
ology (conduction velocity, distal motor latency, dis-
tal compound muscle action potential [CMAP]
amplitude), and gait characteristics (step length).
Variables that showed significant correlations are
presented in table 2. Among the 7 categories, subjec-
tive symptoms (leg cramps and hand tremor) showed
significant correlations with almost all CHQ QOL
domains. Measures of gross motor function corre-
lated with 4 to 6 of the 12 CHQ domains, and as
expected, correlated significantly with the physical
composite summary score. Other significant correla-
tions with the individual domains of the CHQ were
hand/finger involvement (1–2 domains), foot/ankle
involvement (1–5 domains), electrophysiology (1–3
domains), and gait characteristics (3 domains). Of
the 7 categories, 4 variables (gender, BMI, hand dex-
terity, and distal CMAP amplitude) did not correlate
significantly with any of the CHQ QOL domains.

The results of the multivariate regression analyses
for each of the 12 domains of the CHQ, as well as
the 2 summary scores (physical and psychological) of
the CHQ, are presented in table 3. One or more
of the standardized measures were found to be a sig-
nificant independent predictor for each of the CHQ
domains. In the models for the 2 summary scores,
long jump distance (power) and leg cramps were in-
dependent predictors of the physical composite
score, and leg cramps, hand tremor, and distal motor
latency were independent predictors of the psycho-
logical health composite score. Within individual
CHQ domains, leg cramp was an independent deter-
minant of 8 out of 12 QOL domains; hand tremor
was an independent determinant of 5 out of 12 QOL
domains. Of the electrophysiologic measures, distal
motor latency and nerve conduction velocity were
found to be significant independent predictors for 3
out of the 12 CHQ domains.

DISCUSSION There is a clear need for randomized
controlled therapeutic trials in the peripheral neu-
ropathies,20 especially in children, in whom disease
progression, clinical responses, and need for ongoing
treatment may vastly differ from those of adults.21,22

This need is especially evident in children with
CMT, where the long-term impact during critical
developmental stages may result in a high disease
burden by adulthood. It is clear that QOL in chil-

Table 1 QOL in 70 children with CMT1A compared to 5,414 Australian
normal controls11,a

Domain

All normal
controls
(n � 5,414)

All CMT
(n � 70)

Boys
with CMT
(n � 40)

Girls
with CMT
(n � 30)

Physical functioning 94.6 (15.1) 74.8 (26.9)b 78.5 (27.07) 69.8 (26.2)

Role/social limitations—
emotion/behavior

93.7 (17.2) 84.4 (24.5)b 84.4 (25.3) 84.4 (24.0)

Role/social limitations—
physical

94.2 (17.2) 81.7 (26.0)b 86.3 (21.3) 75.6 (30.6)

Bodily pain 82.3 (18.8) 71.3 (22.9)b 75.0 (24.0) 66.3 (20.8)

General behavior 77.5 (15.2) 68.6 (18.8)b 67.8 (18.8) 69.8 (19.0)

Mental health 80.2 (12.4) 74.1 (16.8)b 75.1 (14.7) 72.8 (19.3)

Self-esteem 79.7 (16.4) 70.5 (20.0)b 69.7 (20.5) 71.5 (19.7)

General health 77.0 (16.0) 71.0 (21.2)c 71.1 (20.3) 70.9 (22.6)

Parental impact—emotion 80.6 (20.1) 64.5 (26.0)b 63.3 (28.5) 66.1 (22.5)

Parental impact—time 91.5 (16.4) 82.2 (24.5)b 82.5 (27.1) 81.9 (21.1)

Family activities 85.5 (16.7) 76.4 (23.1)b 77.7 (23.4) 74.7 (22.8)

Family cohesion 76.1 (20.7) 74.6 (24.5) 73.6 (24.7) 75.8 (24.6)

Physical health summaryd 53.0 (8.8) 44.8 (13.9)b 47.1 (13.3) 41.9 (14.4)

Psychological health summaryd 51.2 (9.1) 47.3 (11.6)b 46.7 (12.0) 48.1 (11.4)

Abbreviations: CMT � Charcot-Marie-Tooth disease; CMT1A � Charcot-Marie-Tooth dis-
ease type 1A; QOL � quality of life.
a Values are mean (SD).
b Difference is significant at the 0.01 level.
c Difference is significant at the 0.05 level.
d Physical and psychological subscales based on US norms (n � 391).9
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dren with CMT is significantly reduced compared to
healthy children.3,4 This study shows that the physi-
cal aspects of QOL are significantly more reduced
than the psychological aspects of QOL in children
with CMT, suggesting that physical signs and symp-
toms are more relevant to an affected child’s overall
QOL. Interestingly, parents of children with comor-
bidities report even lower psychological QOL scores,
presumably due to the burden of multiple diseases
states. Both findings seem to negate the disability
paradox seen in certain disorders, where a high dis-
ease burden does not correspond to low scores in
QOL.23-25 However, longitudinal studies are re-
quired to see if the lower QOL scores continue to
worsen, or stabilize and improve, as patients set new
physical, mental, and social goals to adjust for emerg-
ing physical disabilities. Generalization of these re-
sults to a broader population of children with
inherited neuropathy should be approached with
caution, as the characteristics of children enrolled in
a clinical trial may differ from those of children who
do not participate in similar trials.

Out of the 7 categories of standardized measures,
it was striking to note that the largest number of
significant correlations with CHQ QOL domains
was seen with the subjective symptoms: leg cramps
and hand tremor. This held true even in multiple
regression models for the physical and psychological
composite scores. These results suggest that therapy
targeting leg cramps or tremor will have a substantial
effect on physical and mental aspects of QOL in chil-
dren with CMT1A. Of note, the CHQ is a proxy
measure; parents fill it out on behalf of their chil-
dren. While parents and their perception of the
child’s QOL play a crucial role in the medical deci-
sions made for the child with CMT, it is possible that
the impact of subjective symptoms (tremor, cramps)
on QOL may have been estimated differently by the
children themselves.

It was surprising and disappointing to observe
that standardized assessments of function, including
balance and strength, as well as electrophysiologic
measures did not correlate well individually or in the
regression models with many of the CHQ QOL do-
mains. Given that the physical composite score is af-
fected more than the psychological composite score
in children with CMT1A, this raises the concern that
the questions in the CHQ may be targeting aspects
of physical function and disease severity that are not
assessed by our standardized clinical measures. De-
velopment of more functionally relevant outcome
measures, for clinical trials of rehabilitative, pharma-
cologic, and surgical interventions in children with
CMT, might be warranted. Another possibility is
that the CHQ lacks sensitivity to discriminate be-
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tween children with a range of neuropathic disability
and disease severity. For instance, several studies have
shown that axonal loss is a determinant of worsening
physical disability in neuropathies,26-28 yet no rela-
tionship was observed between QOL and CMAP
amplitudes in the median motor nerve in our study.
The very first electrophysiologic abnormality in
CMT1A is prolongation of the distal motor latency,
then loss of nerve conduction velocity, followed ulti-
mately by loss of CMAP amplitude.29 Therefore, our
findings may reflect that significant axon loss had not

yet occurred in the child. It is also possible that the
generic QOL instrument, the CHQ, lacks sensitivity
to longitudinal changes in disease severity in pediat-
ric inherited neuropathy. Disease-specific outcome
measures capture domains relevant to a specified
condition, thus increasing content validity, sensitiv-
ity, and specificity.30 A disease-specific, pediatric
CMT QOL outcome measure would therefore have
more relevance in clinical trials, where greater sensi-
tivity to change with disease-specific interventions
needs to be demonstrated.31

Outcome measures such as QOL in CMT can
reflect the clinical course as well as the patient’s per-
spective of the disease, and can be useful as endpoints
in clinical neuromuscular trials. This study provides
evidence that physical aspects of QOL are signifi-
cantly reduced in children with CMT1A. Interven-
tions designed to improve leg cramps, tremor,
walking ability, endurance, power, agility, and ankle
flexibility might have a substantial effect on QOL in
children with CMT1A.
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